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Simplified DM models

The study of simplified models with a DM candidate X and a mediator Y connecting
DM and the SM is a phenomenologically driven approach.

They fill the gap between EFT approach and complete DM models like MSSM.

Several models with involving colored mediators have been studied: 1308.0592, 1308.2679,

1403.4634, 2307.10367

Gluphilic DM model: 1506.01408
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For phenomenological viability, the colored mediator φ can interact with quarks.

EFT description in the large mφ limit: 1008.1783
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Leading order phenomenology

Annihilation cross section and relic density
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Leading order phenomenology

Monojet signatures: studied both in EFT and simplified model

gg → χχg, qq̄ → χχg, qg → χχq (4)

1605.04756



Phenomenology at Higher orders

Since the DM couples to colored SM particles, the QCD corrections are relevant.

We need both virtual and real contributions. Virtual contributions appear at two-loop.

The calculation of two-loop amplitudes can be organized in terms of form-factors.

Annihilation cross section

M(χχ→ gg) = F (p1.p2gµν − pν1pµ2 ) εµ(p1)εµ(p2)

Monojet signatures

M(gg → χχg) = (F1 pν1gρµ + F2 pρ2gµν + F3 pµ3gνρ + F4 pν1pρ2pµ3 ) εµ(p1)εν(p2)ερ(p3)

The form factors have expansion in αs . Projector technique to relate form factors and
Feynman diagrams.



Annihilation cross section: Two-loop form factor for gg channel

This channel is very much like the Higgs boson production in SM with single
dimensionless parameter, three integral families, and 8 master integrals.
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Annihilation cross section: Two-loop form factors for gg channel

...after UV renormalization and infrared subtraction,

Result in terms of 11 unique harmonic polylogs of weight upto 4 in single variable.



Annihilation cross section: one-loop form factor for gg channel

We also need one-loop form factor upto O(ε2)



Annihilation cross section: Two-loop form factors for qq channel

DM annihilation to qq channel appears first time at two-loop. Relevant for massive
quarks only.

Parametrization of integrals in terms of two dimensionless parameters. Only one
integral family is needed. Total 20 master integrals.
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Being LO, the contribution at two-loop is finite, a strong check on the calculation



Annihilation cross section: Two-loop form factors for qq channel

Result in terms of 328 unique generalized polylogs of weight upto 4 in two variables



Monojet signature: Two-loop form factors
4 form factors for gg → χχg channel, 2 for qq and qg channels. gg channel is the
most challenging.

A multi-scale problem to solve (s, t,mχ,mφ). Total 120 master integrals.

Not all master integral publicly available (?), a bottleneck at the moment.



Conclusion and Outlook

Two-loop form factors are required for higher order phenomenology in gluphilic DM
model. Form factors for χχ→ gg, qq are now available, those for gg → χχg are
being calculated.

Calculation of real corrections for the estimation of annihilation cross section, and
monojet processes.

Phase space integration in dimensional regularization, ensuring the cancellation of IR
singularities, and subtraction of collinear singularities is a non-trivial.

A quantitative comparison between EFT approach and simplified model approach
beyond leading order.


